ABSTRACT. The aim of this study was to compare the effects and indications of minimally invasive plate osteosynthesis (MIPO) and limited open reduction (LOR) for managing distal tibial shaft fractures. A total of 79 cases of distal tibial shaft fractures were treated surgically in our trauma center. The 79 fracture cases were classified into type A, B, and C (C1) according to the Arbeitsgemeinschaft für Osteosynthesefragen (AO) classification, with 28, 32, and 19 cases, respectively. Among the 79 fracture cases, 52 were closed fractures and 27 were open fractures (GUSTILO, I-II). After adequate preparation, 48 cases were treated with LOR and 31 cases were treated with MIPO. All cases were followed up for 12 to 18 months, with an average of 16.4 months. During the follow-up period, 76 fracture cases were healed in the first stage, whereas the 3 cases that developed non-union were treated by changing the fixation device and autografting. For types A, B, and some of C simple fractures (C1), LOR accelerated the fracture healing and lowered the non-union rate. One case suffered from regional soft tissue infection, which was controlled by wound dressing and intravenous antibiotics. Another case that developed local skin necrosis underwent local flap transplant. LOR promoted bone healing and lowered the non-union rate of several simple-distal tibial shaft fractures. Thereafter, the incidence of soft tissue complication was not significantly increased. However, for complex and comminuted fractures, MIPO was the preferred method for correcting bone alignment and protecting soft tissue, leading to functional recovery.
INTRODUCTION
The introduction of locking compression plate (LCP) (Sommer et al., 2003) led to the worldwide use of minimally invasive plate osteosynthesis (MIPO), which replaced the prior use of limited-contact dynamic compressive plate (DCP) (Oh et al., 2003a) . The creation of a small incision without exposing the fracture region is minimally invasive, resulting in less soft tissue damage. Generally, LCPs are used as internal fixators for fracture treatment, which promotes fracture healing. However, the effects of LCP on fracture healing and function recovery need further clinical verification, especially because traditional DCP is still widely applied for simple fractures.
Therefore, selecting a suitable treatment strategy for certain injuries, knowing the correct treatment outcome, and achieving the therapeutic effect of the selected treatment strategy are several of the dilemmas that we currently face.
We determined the optimal therapy for such simple fractures to shorten the healing time and to improve limb function. We compared MIPO and limited open reduction (LOR) for managing distal tibial shaft fractures to find better solutions for treating certain injuries.
MATERIAL AND METHODS

Subjects
A total of 79 cases of distal tibial shaft fractures were surgically treated in our trauma center from February 2008 to June 2008. The gender, age, fracture type, and soft tissue conditions were similar in the two groups. This study was conducted in accordance with the declaration of Helsinki and with approval from the Ethics Committee of Shanghai No. 6 People's Hospital of Jiao Tong University. Written informed consent was obtained from all participants.
Operative technique
The patients were placed in supine position. For the open-direct reduction group, we made a small incision at the lateral side of the crest to expose the fracture line. The soft tissue inside the fracture side was removed for anatomical reduction using the peripheral margin of the fragment as a marker (Figure 1 ). Reduction forceps were used to maintain the reduction. Two small incisions at the medial side of the crest were made to insert the locking plate (Figure 2) . The insertion side of the plate depends on both the fracture type and the local skin condition. A compression screw may also be inserted through the plate. A lag screw was placed vertical to the fracture line outside the plate to compress the fracture side and to maintain initial stability. The locking plate was used as a position plate but not as a bridge plate (Figure 3) . Thus, two screw holes near the fracture line were used to strengthen the stability. For the MIPO group, the alignment of the axis was corrected using indirect reduction. Through a small skin incision, the plate was tunneled extraperiostally along the medial aspect of the tibia and fixed with locking head screws. A real bridging plate was used, and the screws on the plate were placed far from the fracture side to protect the local blood supply and to avoid the strength concentration. For most simple fractures, the plate length was approximately three times the fracture length and the screw hole ratio was approximately 0.5. Figure 1 . A 14-year-old male with distal tibia shaft fracture, AO type B2 with fibular fracture treated using open reduction, and long locking compression plate fixation for both the tibia and the fibula. We achieved excellent anatomic reduction, which was maintained until the locking plate was inserted. Fibular reduction and fixation also helped restore the length of the limb. The fracture healed within 3 months, and the limb functioned quite well. 
Post-operative treatment
We recommended immediate ankle and knee joint exercise after the operation. Partial weight bearing (5 to 10 kg) continued until the X-ray showed callus formation. Full weight bearing was continued until clinical healing of the fracture for both groups. At 6 weeks and at 3, 6, 9, and 12 months after surgery, the patients were followed up through clinical and radiological examinations (lateral and posteroanterior X-ray or XR) by an experienced trauma surgeon. The classic definitions of non-union and delayed union were strictly observed. Healing within the first 6 months was considered normal, more than 9 months was considered delayed, and more than 12 months was considered non-union. We performed routine XR examinations for fracture healing and monitoring, and the patients were followed up for functional recovery. For cases suspected as non-union, additional computed tomography (CT) reconstruction was performed to confirm the diagnosis before repeat operations. The fracture was considered healed when visible callus bridging of one cortex was present on both the lateral and the A 26-year-old male with distal tibia shaft fracture and proximal fibular fracture, AO type A1 treated with open reduction, and long locking compression plate (LCP) fixation for tibia. After reduction, a lag screw was initially applied to maintain the anatomic relation and to achieve interfragmentary compression. Then, the long LCP was inserted. C. and D. A 38-year-old male with distal tibia shaft fracture and proximal fibular fracture combined with posterior malleolar fractures (PMF), AO type A1 (for distal tibia shaft) treated via open reduction, and long LCP fixation for tibia. After plate reduction and insertion, a lag screw was applied through the plate and two screws were used near fracture line. The plate was inserted lateral to avoid a medial skin problem. The PMF was treated using another plate through the posterior approach.
posteroanterior XR, and when the patient was capable of full-weight bearing without pain. A repeat operation was performed in cases of non-union.
Statistical analysis
We applied the chi-squared test of a 4-fold table using the statistical software (SAS 8.10) to compare clinical data. P < 0.05 was considered to be statistically significant.
RESULTS
Basic data
The 79 cases of distal tibial shaft fractures with a mean age of 47 years (range = 18-69 years) were operated in our trauma center, among which 43 cases were males and the other 36 cases were females. According to the Arbeitsgemeinschaft für Osteosynthesefragen (AO) classification, all cases were classified into type A, B, and C (C1), with 28, 32, and 19 cases, respectively. Of the total 79 cases, 52 were closed fractures and 27 were open fractures (GUSTILO, I-II).
All cases were randomized into two groups. The first group (48 cases) was treated with LOR, and the second group (31 cases) was treated with MIPO. The subtype distribution in the LOR group (48 cases) was as follows: 17 were type A (A1 = 8, A2 = 6, and A3 = 3), 19 were type B (B1 = 9, B2 = 6, and B3 = 4), and 12 were type C1. In the MIPO group (31 cases), 11 were type A (A1 = 5, A2 = 4, and A3 = 2), 13 were type B (B1 = 6, B2 = 3, and B3 = 4), and 7 were type C1.
Among all 79 cases, 75 also had fibular fractures. Up to 70 of the fibular fractures were in the middle and distal segments, and were operated by plate or nail, whereas the other 5 were in the proximal part and were treated conservatively. Up to 5 cases had posterior malleolar fractures (PMF), which were fixed by plate or cannulated screw.
Operation effect
All cases were followed up for 12 to 18 months, with an average of 16.4 months. The post-operative XR images are shown in Figures 1 and 3 . For most type A and type B cases, as well as some type C simple fractures (C1), LOR accelerated the fracture healing and lowered the non-union rate (Table 1) . At 4 and 6 months post-operation, the healing rates of the openreduction group were 39/48 and 46/48, respectively, whereas those of the MIPO group were 17/31 and 23/31, respectively. This result indicates that the open-reduction group had higher healing rates during the early stage compared with the MIPO group. The c 2 values at 4 and at 6 months after the operation were 6.37 and 6.14, respectively (P < 0.05). One case of non-union that underwent MIPO was re-operated using open reduction 1 year after the initial operation. The fracture finally healed 6 months after the second operation.
For soft tissue conditions, one case from the open-reduction group suffered from regional soft tissue infection, which was controlled by wound dressing and intravenous antibiotics. Another case, which suffered from skin necrosis, underwent local flap transplant, suffered from skin necrosis. However, no significant difference in the occurrence of soft tissue problems was observed between the two groups ( The standard for non-union includes clinical symptoms, signs and typical X-rays. Sometimes a 3-D CT scan is necessary.
b Soft tissue problem including infection, flap necrosis, local sinus tract, and exudates. *χ 2 = 6.37; P < 0.0 5 vs MIPO; # χ 2 = 6.14; P < 0.05 vs MIPO. 
DISCUSSION
Traditional dynamic plates achieve the first-stage healing of fractures through absolute stable fixation (Horn et al., 2011) . This method was once the standard for plate osteosynthesis in the early 1960s and 1970s (Rüedi and Murphy, 2001 ). However, the method was recently challenged by minimally invasive biological osteosynthesis because of the introduction of locking plates (Perren, 2002) . Complications, such as malunion fractures that results from rotational and axial malalignment, are known disadvantages of this approach. According to Hasenboehler (2007) , the non-union rate of diaphyseal and distal tibial fractures by MIPO is approximately 9.37% (3/32), which is quite similar to our data (3/31). Given that LCP is very popular for orthopedic trauma (Bhandari et al., 2001; Brown et al., 2001; Skoog et al., 2001; Egol et al., 2004; Ruedi et al., 2007) , traditional DCP is also applied in many cases. Generally, the application of these techniques depends on fracture stabilization and type: either absolute or relative stabilization. In our study, prolonged healing was observed in simple-fracture patterns when a bridge-plating technique was used. Therefore, an absolute stable osteosynthesis is important in fracture management (Hasenboehler et al., 2007) .
LOR increased the healing rate of several simple-distal tibial shaft fractures and decreased the non-union rate. Thus, we conformed to the AO principle: anatomic reduction and rigid fixation, which cause first-stage fracture healing. We also used a locking plate as a "protection" plate to achieve this goal. The fracture side was compressed with a lag screw inside or outside the plate. Thus, compression accelerates fracture healing, and the plate protects the screw from bending, shearing, and rotational forces. Therefore, two screw holes near the fracture line should be routinely used. At 4 and 6 months post-operation, the openreduction group had higher healing rates (81.25 and 95.83%, respectively) than the MIPO group (54.84 and 74.19%, respectively) . Therefore, we can compress the fracture side to its maximum for this kind of simple fracture. We can clear the soft tissue (such as muscle and tendon) and hematomas impacted in the fracture side through a local incision, which also helps fracture healing.
The classic open approach with plates is related to local septic complications and bone healing problems (Ozkaya et al., 2009; Collinge and Protzman, 2010) . In our limited open approach, the soft tissue complication was not significantly increased (c 2 = 0.17 between the two groups). Soft tissue complication did not cause the malalignment. Adequate reduction should be ensured for fractures treated using MIPO to prevent serious complications such as delayed union or non-union. In this study, these complications developed in a typical case. Achieving a sufficient anatomic relationship is always the key factor in managing simple fractures.
MIPO (Collinge and Sanders, 2000; Khoury et al., 2002; Oh et al., 2003b; Perren et al., 2003; Borg et al., 2004; Toms et al., 2004) has now become increasingly popular with the development of LCP. In MIPO with LCP, the plate was tunneled extraperiostally along the medial aspect of the tibia through a small skin incision and then fixed with locking head screws. If percutaneous plating with MIPO is to be implemented for a simple fracture, compression osteosynthesis with percutaneous interfragmentary lag screws and neutralization plate should be performed. However, this additional procedure is difficult to execute because of soft tissue inside, inadequate traction, and so on. This procedure also requires indirect reduction. In most cases, malrotation still occurs, which impedes fracture healing. In cases where MIPO is impossible, formal open reduction and internal fixation, such as our LOR, is the method of choice. However, if only bridge plating is performed, surgeons must remember to inform the patient of a possible delay in rehabilitation (Hasenboehler et al., 2007) . For complex and comminuted fractures, MIPO is the preferred method of choice for correcting the alignment to improve function recovery. With this method, the blood supply in the fracture site and in the soft tissues is protected. Using LCP as an internal fixator could also prevent infections. We should also pay attention to associated distal tibial shaft fractures, which have a high rate of misdiagnosis (Wu et al., 2008) . Tibial diaphyseal fractures are often associated with PMFs. The incidence is very high, especially in spiral distal tibial shaft fractures. Previous studies reported an incidence rate of 9.7% (Hou et al., 2009 ). In our study, we also encountered such cases. In some cases, we failed to recognize its occurrence until our last confirmation with C-arm.
Intramedullary (IM) nailing is generally used to treat tibial shaft fractures. However, with the development of surgery, IM can now be used to treat distal tibial fractures (Pobłocki et al., 2011) . A biomechanical test showed that the stiffness of the reamed nail is significantly higher than that of the locked plate (Hoegel et al., 2012) . However, the rates of infection, nonunion, and secondary procedures were similar for the two aforementioned methods. Aside from knee and ankle pain (Vallier et al., 2012) , IM nailing is also associated with greater malalignment compared to locking plate (Vallier et al., 2011) . MIPO is associated with more malalignment than open reduction for simple-distal tibial fractures.
In conclusion, compared with MIPO, LOR promotes bone healing of certain simpledistal tibial shaft fractures and lowers the non-union rate, which minimizes the occurrence of soft tissue problems.
